Impact Assessment of Lime Additive and Chemical Admixtures on Selected Properties of Mortars  by Lenart, Małgorzata
 Procedia Engineering  57 ( 2013 )  687 – 696 
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University
doi: 10.1016/j.proeng.2013.04.087 
11th International Conference on Modern Building Materials, Structures and Techniques,  
MBMST 2013 
Impact Assessment of Lime Additive and Chemical Admixtures on 
Selected Properties of Mortars 
Małgorzata Lenart
*
 
Institute of Building Materials and Structures, Faculty of Civil Engineering, Cracow University of Technology, Warszawska 24 st., 31-155 Kraków, Poland 
Abstract 
Durability of the structure is still a problem, particularly in masonry.  Contemporary European standards of masonry mortar are vague and 
leave insufficiency for the specification of requirements that should be fulfilled by masonry mortar to ensure durability of walls in certain 
performance conditions. In the article, there are the results of tests for various composition mortars. There were considered cement and 
cement – lime mortars, types from A to G (according to classification given in standard PN-B-10104:2005) and cement mortars, types A 
and B, modified by selected admixtures (two polymers and air entraining/plasticizing admixture). In the paper, the results of tests which 
include the determination of properties of fresh mortar such as air content, density or consistency (by flow table) as well as  properties of 
hardened mortar such as flexural and compressive strength, adhesive strength of hardened mortars to ceramic elements and water 
absorption coefficient are presented. The influence of selected admixtures on mortars properties mentioned above are also considered. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University. 
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1. Introduction 
Recently, a return to masonry buildings erection can be observed, of course construction materials (e.g. ceramic bricks 
and hollow bricks or slag concrete hollow bricks) as well as mortars joining those elements have changed [1]. They have 
changed in respect of physical as well as chemical properties [2], [3]. In the last few years the dynamic development of the 
chemical industry – in the range of the chemical one used in building materials – has enabled a production of mortars of 
changed properties compared to those considered as traditional ones [4-6]. Unfortunately, at the same time durability 
decrease of the walls have been observed in some buildings [7], [8].  
Therefore, in the paper there are the tests results of cement mortars modified by three selected chemical admixtures. Such 
mortars can be used or to erect new masonry, or applied to repairs. In the case of historic masonry repair, it is recommended 
to use mortars with composition as close as possible to the original ones. Masonry buildings on the Polish territory appeared 
at the end of the tenth century. The constructions initially erected with stones, then bricks and a lime or sometimes a clay 
mortar joining them [9-11] often using various additives for mortars [12]. Therefore, in the paper there are the results of 
tests for cement – limes mortars. 
2. Requirements and standardized properties for mortars 
Unfortunately, the European standards do not make this assignment easy. The standard PN-EN 998-2:2004 
„Specification for mortar for masonry – Part 2: Masonry mortar” specifies requirements to be met by the mortar. It leaves 
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insufficiency in this field [13] because it does not contain sufficient guidelines on the appropriate use of mortar for masonry 
units. These rules guarantee a satisfactory durability of masonry in the given conditions [14–16].  
According to the standard PN-EN 998-2:2004 [17] the following properties should be determined for fresh mortar: 
• time of workable life, 
• chloride content, 
• air content, 
• proportion of ingredients,  
and for hardened mortar: 
• compressive strength, 
• joint strength – initial characteristic shear strength of joint (declared on the basis of tests or on the basis of tabular 
values), 
• water absorption, 
• water-vapour permeability, 
• density (of hardened mortar in the dry state), 
• coefficient of thermal conductivity, 
• durability (i.e. resistance to freezing and thawing – it should be assessed and declared on the basis of established 
regulations in the place of the intended application of the mortar). 
Moreover, the standard specifies additional requirements for mortars for thin welds such as limiting the aggregate 
fractions to 2 mm and the determination of time correction. 
The standard does not specify required values or levels for particular mortar properties (except for classes of compressive 
strength). The manufacturers declare those values, on their own responsibility, and the task of assessing whether the 
declared levels of mortar properties will be sufficient for specific material - construction application, belongs to a buyer (or 
a designer). 
The situation slightly improves the Polish standard PN-B-10104:2005 „Requirements for mortars of general use. Mortars 
with specified composition, produced on-site” [18], what in some cases specifies required levels for given properties of 
mortars.   
3. Research program 
Research program was carried out to determine the effect of the composition of the mortar on their selected properties. 
Cement, cement – lime mortars of various types from A to G marked in accordance with PN-B-10104: 2005 and cement 
mortars of A and B types modified by admixtures were taken into account. Three admixtures have been selected for testing 
from among others. An air entraining and plasticizing admixture (marked as N) dosed at 0.3% c.m. chosen as typical 
admixture for mortars (it is also advertised by the manufacturer as "replacing lime" admixture) and two polymer admixtures:  
• a styrene – butadiene latex (marked as SBR) and 
• a polyvinyl alcohol (marked as PVL)  
dosed at 5% c.m.  
                                                                Table 1. Volumetric and mass proportions of tested cement and cement-lime mortars   
Type 
Volumetric 
proportions % 
Mass proportions % 
Cement Lime Sand 
A 
B 
C 
 
D 
E 
F 
G 
1:2 
1:3 
1:4 
 
1:0,25:3 
1:0,5:4 
1:1:6 
1:2:9 
27,9 
20,5 
16,2 
 
20,0 
15,6 
10,8 
7,3 
- 
- 
- 
 
2,5 
3,9 
5,4 
7,3 
72,1 
79,5 
83,8 
 
77,5 
80,5 
83,8 
85,3 
 
Table 1 shows volumetric and mass proportions of tested mortars, while in Table 2 there are the mortar compositions 
expressed in kg/m
3. 
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                                                                Table 2. Compositions of tested cement and cement – lime mortars.   
Type 
Density 
[kg/m3] 
Composition [kg/m3] 
C L S W 
A 
B 
C 
 
D 
E 
F 
G 
2192 
2154 
2112 
 
2087 
2094 
2084 
2022 
523 
373 
287 
 
344 
272 
263 
112 
- 
- 
- 
 
43 
69 
89 
112 
1345 
1448 
1475 
 
1334 
1400 
1376 
1420 
324 
333 
351 
 
366 
353 
356 
378 
 
Cement CEM I 32,5 R, hydrated lime CL 80-S and fine sand, of 0/2 mm fraction have been used in the researches. 
Properties of fresh as well as hardened mortars have been determined during tests as follows:   
a) for fresh mortar: 
• air content according to the standard PN-EN 1015-7:2000 [19], 
• bulk density according to the standard PN-EN 1015-6:2000 [20] and  
• consistence of fresh mortar according to the standard PN-EN 1015-3:2000 [21],   
b) for hardened mortar:  
• compressive and flexural strength according to the standard PN-EN 1015-11:2000 [22],  
• adhesive strength on selected standard ceramic substrate (as a feature influencing also the masonry durability) according 
to the standard PN-EN 1015-12:2002 [23],  
• coefficient of water absorption according to the standard PN-EN 1015-18:2003 [24].  
4. Tests of fresh mortars 
Table 3 shows the results of determined properties of fresh cement and cement - lime mortars as well as cement mortars 
modified by admixtures such as: air content, consistency of fresh mortars determined by flow table and  bulk density. 
Table 3. Results of fresh cement and cement – lime mortars measured properties as well as cement mortars modified by admixtures 
Marking Flow [mm] Air content [%] Bulk density [kg/m3] 
A 
B 
C 
 
D 
E 
F 
G 
 
A + N 
B + N 
 
A + SBR 
B + SBR 
 
A + PVL 
B + PVL 
175 
170 
174 
 
182 
170 
172 
182 
 
210 
212 
 
195 
197 
 
185 
187 
5,9 
5,2 
5,0 
 
4,2 
3,8 
3,3 
3,1 
 
14,8 
14,5 
 
6,0 
6,9 
 
14,5 
13,5 
2059 
2002 
1998 
 
2043 
2018 
2015 
2011 
 
1829 
1827 
 
2031 
1987 
 
1847 
1838 
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On the basis of the measured properties of fresh mortar it can be seen that with the increase of the lime content in 
cement – lime mortars the percentage of air decreases and reaches the level of 3.0–4.0%. In the tested cement unmodified 
mortars air content ranges from 5.0 up to 6.0%. The situation is different in the cement mortar modified by admixtures. 
An air entraining and plasticizing admixture (marked as N) caused a flow increase of A and B mortars from about 170 
mm to about 210 mm, whereas the aeration of mortars rose up to about 15%. An admixture of polyvinyl alcohol (PVL) also 
caused air content increase to about 14% in the tested mortars but to a very small extent (about 10 mm) increased their flow 
(up to 185 mm). A styrene – butadiene latex (SBR) little influenced both the air content (up to about 6.0–7.0%), and the 
flow of mortars, which reached the value of about 195 mm. 
Density of tested mortars ranges from 1800 kg/m
3 for mortars modified by admixtures that cause the effect of aeration to 
about 2000 kg/m
3 for cement mortars. 
5. Tests of hardened mortars 
Relationships between flexural and compressive strength of cement and cement – lime mortar and W/C ratio are 
presented in Table 4 and graphically in figures 1 to 4. The strength was tested after 28 days of specimens curing.  
Table 4. Results of flexural and compressive strength of hardened cement mortars, cement-lime mortars and cement mortars modified by admixtures 
Marking 
Average strength [MPa] 
Flexural Compressive 
A 
B 
C 
 
D 
E 
F 
G 
 
A + N 
B + N 
 
A + SBR 
B + SBR 
 
A + PVL 
B + PVL 
6,6 
4,2 
3,2 
 
3,8 
3,2 
1,7 
0,7 
 
5,3 
4,0 
 
7,0 
3,9 
 
6,5 
4,1 
48,9 
25,5 
11,6 
 
16,5 
12,7 
5,3 
2,0 
 
28,2 
15,6 
 
37,2 
18,7 
 
33,3 
17,4 
 
Relationships between the strength of mortars and W/C ratio are very well described by a power function, the R
2 
coefficient amounts to 0.92 both for the compressive strength and the flexural one, as shown in Figures 1 and 3. 
 
 
Fig. 1. Relationship between the flexural strength of cement and cement – lime mortars and W/C ratio 
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Cement – lime mortars are characterized by smaller brittleness. The flexural strength is 23 to 35% of the compressive 
strength for tested cement – lime mortars, while for cement mortars it is 13 to 27%. 
 
 
Fig. 2. Flexural strength of cement mortars modified by the air entraining and plasticizing admixture and two types of polymers: the styrene – butadiene 
latex and the polyvinyl alcohol 
Figure 2 shows the flexural strength of mortars modified by the air entraining and plasticizing admixture (N) as well as 
polymers: the styrene - butadiene latex (SBR) and the polyvinyl alcohol (PVL).  
The flexural strength of type B mortars with modifiers and type A mortar with polyvinyl alcohol is at the same level in 
relation to the control mortar - without admixtures. In the case of type A mortar modified by admixture N a decrease in 
flexural strength has been observed by about 20%, while in type A mortar with SBR a slight increase of this magnitude (by 
about 7%) has been observed. 
 
 
Fig. 3. Relationship between the compressive strength of cement and cement – lime mortars and W/C ratio 
The decrease in the compressive strength of modified mortars compared to both control mortars of type A and B was 
observed, see Fig. 4. For type A mortars the decrease was from about 40% for the mortar modified by the air entraining and 
plasticizing admixture (N) to approximately 25% for the mortar modified by SBR polymer. A similar decrease was 
observed for type B mortar (from about 40% for B+N mortar to about 27% for B+SBR mortar). 
This phenomenon may be – on one hand – caused by the aeration of mortar in case of mortars modified by the air 
entraining and plasticizing admixture (N) as well as the polyvinyl alcohol. On the other hand, it can be caused by a 
slowdown of cement hydration brought about by a polymer film coating cement particles – in case of SBR or PVL [9].  
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Fig. 4. The compressive strength of cement mortars modified by admixture N and two types of polymers: SBR and PVL 
Determination of water absorption was carried out in accordance with the PN-EN 1015-18:2003 [24] and the results are 
shown in the table 5. Water absorption coefficients have been calculated from the following equation: 
 c = 0,1⋅ (M90 min – M10 min), (1) 
where: M90min and M10 min stand for specimens mass determined after 90 and 10 minutes respectively from the beginning of 
the absorption test. 
                                                                                      Table 5. Results of water absorption test 
Marking 
Average water absorption 
coefficient [kg/(m2⋅min0,5)] 
A 
B 
C 
 
D 
E 
F 
G 
 
A + N 
B + N 
 
A + SBR 
B + SBR 
 
A + PVL 
B + PVL 
0,53 
0,54 
0,62 
 
0,64 
0,65 
1,20 
1,86 
 
0,26 
0,27 
 
0,30 
0,39 
 
0,33 
0,42 
 
The value of water absorption coefficient has been decreased for all types of mortars. The biggest decrease has been 
recorded for cement mortar modified by the air entraining and plasticizing admixture (N) (to c = 0.26 kg/(m
2
⋅min0,5) for type 
A mortar). This is obvious, because admixtures of this type cause air bubbles appear interrupting the system of capillaries. 
The result is reduction in water capillary absorption.  
The addition of polymers: styrene - butadiene latex (SBR) and polyvinyl alcohol (PVL) to type A mortar caused decrease 
of water absorption coefficient to the level of 0.30 for SBR and 0.33 for PVL. In case of type B mortar modified by those 
polymers, the absorption coefficient amounts to 0.39 (for SBR polymer) and 0.42 (for PVL) kg/(m
2
⋅min0,5).  
Additionally, a determination of capillary absorption in accordance with PN-B-04500:1985 was carried out. The test is 
performed similarly as in case of water absorption coefficient determination. The change in the specimens mass was 
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determined after 1, 3, 6 and 12 hours from the beginning of the test. Figure 5 shows the change in mass of cement and 
cement – lime mortars, while Fig. 6 the change of cement mortars modified by admixtures. 
 
 
Fig. 5. Percentage change in specimens mass versus time for cement and cement – lime mortars during capillary absorption test  
according to PN-B-04500:1985 [25] 
  
Fig. 6. Percentage change in specimens mass versus time for cement mortars modified by admixture N and two types of polymers: SBR and PVL during 
capillary absorption test according to PN-B-04500:1985 [25] 
Water absorption of types A and B cement mortars is obviously smaller than that of cement lime mortars. Nevertheless, it 
should be noted that water absorption of type C mortar is close to that of type D and E after 24 hours test. Such a behaviour 
can be attributed to a very high value of W/C ratio which results in high capillary porosity of type C mortar. 
Capillary absorption of cement mortars modified by admixtures decreased the amount to 3.5% for type A mortar with the 
air entraining and plasticizing admixture after 24 h, to about 5% for type B mortar modified by the polyvinyl alcohol also 
after 24 h of the test. 
To sum up, type A mortars modified by tested admixtures (N, PVL and SBR) show capillary absorption at the level of 
3.5 ÷ 4% (the value decreased about 1 to 1.5% in relation to the control mortar after 24 h). While type B mortars modified 
by the same admixtures show the absorption at the level of 4 to 5% (the decrease of about 1% compared to the control 
mortar after 24 h as well). 
Table 6 shows the results of the adhesion test for the mentioned mortars to the selected standard ceramic element. The A 
symbol signifies an adhesive crack (Fig. 7), i.e. a crack that occurred at the interface between a mortar and a substrate – this 
means that an adhesive strength is equal to the result of the test. The K symbol signifies a cohesive crack (Fig. 8), i.e. a 
crack that occurred in a mortar layer or in a substrate – an adhesive strength is greater than the test result. 
The adhesion test of cement and cement – lime mortars to the ceramic substrate did not give unequivocal results. No 
standard decrease of the feature was observed when the compressive strength of the mortar decreased – as in case of a 
concrete substrate [26].  
However, it can be noticed that water absorption by the ceramic material is easier when W/C ratio increases in case of 
cement mortars. It seems to be caused by the greater availability of “free” water in the mortar. The lower the ability of a 
mortar to “keep” the water, the easier the ceramic surface can absorb water from the mortar. Therefore, the nominal water / 
cement ratio is not adequate for the real one. 
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                                                                           Table 6. Results of adhesion test (where A is the adhesive crack while K is the cohesive crack) 
Marking 
Adhesive 
strength [MPa] 
Model of cracking 
A 
B 
C 
 
D 
E 
F 
G 
 
A + N 
B + N 
 
A + SBR 
B + SBR 
 
A + PVL 
B + PVL 
0,60 
0,63 
0,72 
 
0,90 
0,94 
0,89 
0,72 
 
0,63 
0,64 
 
0,77 
0,55 
 
0,55 
0,63 
A  
A 
A/K  
 
A 
A 
A 
A/K 
 
A 
A 
 
A/K 
K 
 
A/K 
K 
 
 
Fig. 7. A sample of an adhesive crack (marked as A) 
Average adhesion strength of cement mortars (marking as A, B and C) stood at the level of 0.6–0.7 MPa. 
 
 
Fig. 8. A sample of a cohesive crack (marked as K) 
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Cement – lime mortars characterized by greater water retaining, and as already mentioned, less brittleness. An average 
adhesion strength of types D, E and F cement – lime mortars was at the level of about 0.9 MPa, while for a G type at the 
level 0.7 MPa. 
The adhesion strength of cement mortars modified by tested admixtures did not change significantly. Only in case of 
styrene – butadiene latex added to type A mortar an average adhesion strength increased slightly and reached 0.77 MPa – 
roughly comparable to that obtained by cement – lime mortars. 
6. Conclusions 
The following conclusion can be drawn on the basis of the research program:  
• The addition of traditional hydrated lime and modern admixtures improved workability of fresh mortars compared to the 
mortar without admixture or lime addition. The flow (tested by flow table) of cement mortars modified by admixtures 
increased from about 10 mm for the polyvinyl alcohol to about 40 mm for the air entraining and plasticizing admixture. 
• Cement – lime mortars are characterized by smaller brittleness. The flexural strength varies in the range from 23 to 35% 
of the compressive strength for tested cement – lime mortars while for tested cement mortars it ranges from 13% (for 
type A mortar) to 27% (for type C mortar). 
• The addition of air entraining and plasticizing admixture caused a decrease (about 20%) of  flexural strength of mortars 
compared to the control one while the styrene – butadiene latex (dozed at 5% c.m.) caused a slight increased (about 7%) 
of flexural strength of mortars. 
• The compressive strength (tested after 28 days of specimen curing) of mortars modified by all tested admixtures (the air 
entraining and plasticizing, the polyvinyl alcohol polymer and the styrene – butadiene latex) decreased for both A and B 
type of mortars. 
• The addition of tested admixtures reduces the water absorption coefficient in comparison to the control mortars. The 
decrease is from about 50% for type A and B mortars modified by the air entraining and plasticizing admixture to about 
40% for type A mortars modified by tested polymers and type B mortars modified by polymers. 
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